A sample of 17 Miras and nine semiregular variable stars was simultaneously observed in the OH and H 2 O maser lines with sensitivities of 0.15 and 0.6 Jy, respectively. One new H 2 O source was detected. Among Miras the H 2 O maser luminosity is well correlated with the OH maser luminosity. The ratio of H 2 O to OH maser luminosities decreases by about four orders of magnitude from the semiregulars to the Miras as a result of an increase in the mass-loss rate. Some semiregulars have maser properties typical of Mira stars. H 2 O emission is most likely to be detected from Miras at velocities close to the stellar velocity, while emission at blueshifted velocities dominates the detections from semiregulars. OH emission from the semiregulars usually occurs at greater redshifts and blueshifts with respect to the stellar velocities than OH emission observed from the Miras. The differences in the average composite maser pro®les in both groups of stars can be related to the velocity gradients in the maser regions. It is suggested that some semiregular variables with maser emission may be in a later stage of stellar evolution than the Miras.
I N T R O D U C T I O N
OH and H 2 O masers are widely seen in stars with high mass-loss rates. The general characteristics of maser emission are well established for semiregular stars (SRs) and regular Mira variables (Bowers & Hagen 1984; Engels, Schmid-Burgk & Walmsley 1988; Sivagnanam, Le Squeren & Foy 1988; Szymczak & Engels 1995; Engels & Lewis 1996) . It appears that the maser luminosity depends on the mass-loss rate, which is lower in SRs than in Miras. This may suggest an evolutionary sequence SRs±Miras, which seems to be consistent with that inferred from infrared properties (Kerschbaum & Hron 1992) . Because most SRs have thin circumstellar envelopes, they commonly exhibit nonregular variations of their OH and H 2 O masers. When an envelope becomes thick, OH maser emission, but no H 2 O maser emission, usually follows the cyclic light variation of the central star as observed in Miras (Etoka 1996; Engels et al. 1998) . A proper comparison of maser properties of SRs and Miras is dif®cult when using data obtained at different epochs. To overcome this we have taken simultaneous observations of OH and H 2 O maser lines in a sample of SRs and Mira stars.
The objective of this paper is to compare the luminosities and the average maser pro®les in both groups of stars in order to test a possibility that some maser semiregular variables may evolve from the Miras. It has been found that the ratio of Miras to SRs among the unresolved nearby objects at 60-mm wavelength is much higher than this ratio among the resolved objects (Young, Phillips & Knapp 1993) . Because the current mass-loss rate of semiregulars is lower than that of Miras, the larger dust envelopes of the SRs may suggest a longer period of mass loss than in the Miras. Furthermore, a comparison of infrared and microwave CO mass-loss rates in some semiregular and Mira stars hints at cessation of strong mass loss (Hawkins 1990; Kahane & Jura 1994; Hashimoto et al. 1998) . Also, a decrease of the pulsation amplitude of some objects cannot be excluded (Hinkle, Lebzelter & Scharlach 1997) .
O B S E RVAT I O N S
The observations were carried out during three epochs in 1992 December, 1993 April and 1995 March/April. The Nanc Ëay transit radio telescope was used with a 1.6-GHz cooled receiver to make OH observations in frequency switching mode. The system temperature was approximately 50 K. A 1024-channel autocorrelation spectrometer split into four parts permitted simultaneous observation of all OH maser lines, yielding effective velocity resolutions of 0.29 and 0.28 km s À1 for the 1612-MHz and the 1665/1667-MHz lines respectively. A typical 3j sensitivity of about 0.15 Jy was reached after 30±40 min on source integration. The¯ux density scale was established by comparison with observations of W12; it is accurate to about 10 per cent.
The observations of the 22.235-GHz H 2 O maser line were obtained with the 100-m Effelsberg radio telescope, equipped with a single-channel maser receiver. The system temperature ranged from 60 to 150 K as a result of weather conditions and elevation angle. The total power observations with an integration time of 5 min on-source and 5 min off-source resulted in a 3j sensitivity of about 0.6 Jy. A 1024-channel autocorrelator with a total bandwidth of 6.25 MHz was used as a spectrometer. The resulting spectral resolution was 0.16 km s À1 after Hanning smoothing. The absolute¯ux density calibrations were performed against NGC 7027, 3C 286 and Mon R2. The spectra were corrected for atmospheric attenuation and elevation-dependent gain variations. The uncertainties of absolute¯ux values were about 20 per cent.
The observed sources were selected to include different types of maser stars. We included 17 Miras, four SRa and ®ve SRb variables. All of them were taken from the two samples of Mira and semiregular variable stars searched for OH maser emission at 18 cm (Sivagnanam et al. 1988; .
R E S U LT S
The results of OH and H 2 O maser observations of 26 Mira and semiregular variable stars are summarized in Table 1 . The observing date at each maser frequency, the velocity range of maser emission DV and the integrated¯ux density S i are given. The upper limit to S i for undetected OH sources was calculated from the relation S i < 3S rms n p Dn, where S rms is the rms¯ux density, n is the number of channels over the suspected velocity width of 25 km s
À1
of the out¯ows, and Dn is the frequency resolution per channel. The H 2 O maser line of a new detection from RS Peg is shown in Fig. 1 together with the complex H 2 O emission pro®le of V524 Cas, which has changed dramatically since the pro®le published by Olnon et al. (1980) . The H 2 O spectrum of V524 Cas is unusual for Miras because it has at least six features with a total velocity separation of about 27 km s À1 . RS Peg has one weak H 2 O emission feature with the peak¯ux density of 1.5 Jy at velocity À20 km s
and a full width at half-maximum (FWHM) of 0.9 km s À1 . A second tentative feature (0.4 Jy peak) was found at À22.5 km s À1 . The H 2 O spectrum of RS Peg is typical for Miras listed in Table 1 .
Composite averages of the OH and H 2 O maser pro®les are shown in Fig. 2 . Emission of the 1665-and 1667-MHz OH transitions was added together. Before averaging, the integrated intensity of each source was normalized to unity and the centre velocity, as determined from CO observations (Loup et al. 1993; Kahane & Jura 1994; Young 1995) or OH line pro®les, was set to zero. R Cnc and X Hya were not included because OH emission was undetected at the epoch of observations. Two epochs of data for the semiregular stars R Crt and RT Vir were considered. The average normalized pro®les re¯ect the probability of emission against velocity. In 14 Mira stars the strongest H 2 O emission occurs close to the stellar velocity with brighter blue tail. The average 1612-MHz OH doublepeaked pro®le calculated for ®ve Miras is asymmetric. The maximum velocity range is 10 km s À1 . The average main-line OH pro®le of the Miras is composed of the two broad features with peaks symmetrically separated by about 4 km s À1 relative to the third broad feature centred near the stellar velocity (Fig. 2a) . The 3j levels for the composite pro®les are 0.027, 0.003 and 0.08 for the H 2 O, main-line and satellite OH emission respectively.
The H 2 O emission from the ®ve SRs with both OH and H 2 O masers occurs at velocities from À8 to 8 km s À1 relative to the stellar velocity. The redshifted emission at velocities >2 km s À1 is a factor of 4 weaker than the extreme blueshifted emission. The average OH pro®le of the SRs has an asymmetric shape with the 416 M. Szymczak and A. M. Le Squeren q 1999 RAS, MNRAS 304, 415±420 (Fig. 2b) . The 3j limits for the composites are 0.018 and 0.011 for the H 2 O and OH masers respectively. In summary, the velocity ranges of OH and H 2 O maser emission in the SRs are considerably wider than those in the Mira stars. In the SRs strong OH and H 2 O emission occurs at blueshifted velocities.
Maser luminosities
The OH photon luminosity L OH (photon s À1 ) was calculated from the relation (Engels, Schmid-Burgk & Walmsley 1986) (Bowers & Hagen 1984) . Maser luminosities of 26 of our stars plus four Miras from the other data together with their variability types (Kholopov et al. 1987 ) and distances are listed in Table 2 . The distances were taken from the literature (Sivagnanam et al. 1988; Szymczak & Engels 1995) and were re®ned using the recently released Hipparcos parallaxes.
A plot of the H 2 O luminosity as a function of the OH luminosity for the sample of 30 stars is shown in Fig. 3 upper limits of L OH in four SRs. Some of these such as RX Boo are known to exhibit erratic OH emission Fig. 3 shows that semiregulars appear as an extension of the class of Mira variables towards lower L OH for a given level of L H 2 O .
The ratio L H 2 O =L OH versus infrared colour
A plot of the L H 2 O =L OH ratio against 60 À 100 colour is shown in Fig. 4 . The colour is de®ned as l 1 À l 2 À2:5 logS n l 1 =S n l 2 , where S n l i is the uncorrected¯ux in the IRAS l i band. Stars with only an upper limit for the 100-mm band are omitted. Three of the 16 Miras and ®ve of the eight SRs have 60 À 100# À 1:0. If the colour is primarily a measure of emission from cool dust in the envelope, then its excess may imply that the SRs have had a period of signi®cant mass loss in the past or they have been losing mass longer than have the Miras (Young et al. 1993) .
In order to test further the 60 À 100 colour distribution we used two larger samples of 33 OH Miras with D < 1 kpc (Sivagnanam et al. 1988) and 23 H 2 O semiregulars (Szymczak & Engels 1995 , 1997 ) that have good¯ux qualities at 60 and 100 mm, i.e. those with an FQUAL of 3 (Beichman et al. 1985) . All the 33 Mira stars are known H 2 O maser sources (Benson et al. 1990 ). About 25 per cent of stars from both original lists were discarded because of the poor quality of their IRAS data. Distributions of 60 À 100 colour in both samples are shown in 
D I S C U S S I O N
The OH and H 2 O observations were taken only a few days apart for most stars, using intervals of less than 4 d for all the SRs. Four of the Miras have periods longer than 300 d and these were observed at separations of up to a month. Most Miras are known to exhibit regular changes in OH emission (Etoka 1996) and their H 2 O maser emission shows much more regular variations than are observed in SRs (Engels et al. 1988) . Thus the relative intensities of OH and H 2 O maser emission should not be affected strongly by nonsimultaneous observations. However, some Miras have shown OH maser outburst activity (Etoka & Le Squeren 1997) . This usually occurs at all the maser transitions observed but rapid uncorrelated variations in OH and H 2 O masers cannot be excluded. Two SRs R Crt and RT Vir were observed at two epochs spanned by four months. We found that their ratios of L H 2 O =L OH changed by less than 11 per cent. Therefore, moderate variations in the relative intensity of the maser lines are possible but they are not likely to be a signi®cant in¯uence on the statistical trends observed in this sample. The present study con®rms our previous results (Szymczak & Engels 1995; that OH and H 2 O masers are generally less luminous in the semiregular stars than in the Miras as a result of lower mass-loss rates. Furthermore, the ratio of L H 2 O =L OH is highest in the semiregulars and gradually decreases for the Miras. This trend is extended for OH/IR objects (Bowers & Hagen 1984) . However, there is no evidence for different H 2 O shell sizes in the semiregulars and Miras. The sizes of the H 2 O shells were measured in four semiregulars R Crt, RT Vir, W Hya and RX Boo (Bowers & Johnston 1994; Reid & Menten 1990; Engels et al. 1993 ) and seven Mira stars (Bowers & Johnston 1994; Yates & Cohen 1994) in our sample. The average radii of the H 2 O shells are 17.062.0 and 18.067.0 au for the above semiregulars and Miras respectively. H 2 O emission from the Miras U Her and R Aql comes from larger distances of about 30 au. These are the reddest sources in our sample. Also, the H 2 O shell radius is uncorrelated with the maser luminosity for our stars.
The maximum expansion velocity of the envelopes was estimated using CO observations where these are available (Loup et al. 1993; Kahane & Jura 1994; Young 1995) . Our OH data were also used when the maser pro®le was clearly double. The average expansion velocities for our Miras and SRs are 8:7 6 3:5 km s À1 (17 objects) and 9:7 6 1:3 km s À1 (seven objects) respectively. While the terminal expansion velocities do not differ signi®cantly between SRs and Miras in our sample, the shapes of the average maser differ very clearly. Most H 2 O emission from Miras peaks within 61 km s À1 of the stellar velocity but in SRs it dominates from 8 to À2 km s À1 relative to the stellar velocity. Chapman & Cohen (1985) have shown that for a thin shell the double-peaked OH maser pro®le appears when 1 > « $ 0, while a single pro®le centred at the stellar velocity is observed when « > 0. Here « is the logarithmic velocity gradient. The fact that the OH expansion velocity is higher by about 4 km s À1 in SRs as compared to Miras can be simply explained by slight differences in the logarithmic velocity gradients of both groups. OH emission of Miras probably arises in the regions where « is higher than in SRs. One can consider two possible causes of differences in «. One possibility is that OH emission of Miras operates in the acceleration regions closer to the central object than in SRs. Interferometric measurements of OH shell radii of a few Miras and one SRa star (Bowers, Johnston & Spencer 1983; Chapman et al. 1994 ; Szymczak, Cohen & Richards 1998) do not support this interpretation at present. A second cause of lower « in SRs can be related to a higher radiation pressure ef®ciency in OH semiregulars than in Miras. Habing, Tignon & Tielens (1994) have shown that the radiation pressure coef®cient in an oxygen-rich star does not decrease monotonically with distance. This higher coef®cient causes the gas to move faster and the logarithmic velocity gradient becomes low. Because the OH maser SRs have redder 60 À 100 colour than the OH maser Miras, we may suggest that the radiation pressure ef®ciency is not the same in both groups.
We con®rm an asymmetry of the composite OH and H 2 O maser pro®les of semiregulars. The statistical predominance of the blueshifted 22-GHz emission, possibly resulting from the absorption of the redshifted photons by the inner circumstellar regions, is a general characteristic of envelopes (Engels & Lewis 1996) . There are no obvious differences in the degree of asymmetry between Miras and SRs studied here.
It is still unclear whether stellar luminosity varies during the evolution at stages with important mass loss. Calculations by Vassiliadis & Wood (1993) showed a gradual increase of the stellar luminosity level after several superwind periods when the star is again visible as an optical red giant. It is likely that the 60 À 100 colour of H 2 O semiregulars being redder than that observed in OH Miras re¯ects a more advanced stage of evolution of some semiregulars, which are more luminous than at Mira stage. Young et al. (1993) found that most nearby semiregulars are resolved at 60 mm, while in the same volume the number of resolved shells around Miras is signi®cantly lower. They concluded that the semiregular stars have been losing mass for a longer period than the Miras. This seems to be consistent with suggestions derived from our comparison of maser properties of Miras and SRs.
C O N C L U S I O N S
A sample of Miras and semiregular variables was simultaneously observed in the OH and H 2 O maser lines. The H 2 O and OH luminosities are generally lower in the semiregular stars than in the Miras, while the ratio of luminosities L H 2 O =L OH is generally higher. The maser properties of the two SRa variables W Hya and V CVn are the same as those of a typical blue Mira. The maser pro®les of the semiregulars are generally double-peaked or q 1999 RAS, MNRAS 304, 415±420 Figure 5 . Distribution of 60 À 100 colour for OH Mira stars (solid line) from Sivagnanam et al. (1988) and H 2 O semiregular stars (dashed line) fromcomplex while those of the Miras are usually single. This can be interpreted as an effect of the logarithmic velocity gradients in the maser regions. Blueshifted emission predominates in both groups of stars. The far-infrared 60 À 100 colour of the H 2 O semiregulars is redder than that of the OH Miras. This is probably associated with a longer period of mass loss in some semiregulars with maser emission.
